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TECHNIQUES ASSOCIATED WITH THERMAL-VACUUM
TESTING OF THE OAO C HEAT PIPES

by

James P. Marshburn
Goddard Space Flight Center

INTRODUCTION

The three OAO C heat pipes, illustrated in Figures 1 and 2, were designed and built to isothermal-
ize the spacecraft structure and are experimental in nature. All three pipes are made of 6061-T6 seam-
less aluminum tubing, and the working fluid in each is anhydrous ammonia with a specified purity of
99.995 percent with less than 50 ppm of H,O. The two high-heat transport pipes were designed to
(1) operate for 12 000 hr or more (Reference 1), (2) carry the spacecraft heat load of 12.70 W-m (500
W-in.) along the entire pipe with a maximum delta temperature (AT) of 1.6 K, (3) carry an auxiliary
heat load of 111.8 W-m (4400 W-in.) with a maximum AT of 6.7 K, and (4) carry 178 W-m (7000 W-in.)
in a 1g field, with the evaporator elevated 1.9 cm (0.75 in.) above the condensers, at a maximum AT
of 11.1 K. The low-capacity heat pipe was designed to meet requirements (1) and (2). Satisfactory
performance of these conditions in the temperature range of 233 to 303 K (-40° to 30° C) must also
be demonstrated.!

Each pipe forms a torus 1.191 m (46.9 in.) in diameter, with a nominal 10.2-cm (4-in.) gap. The
wall thickness is 0.089 cm (0.035 in.) and the pipe o.d. is 1.270 cm (0.500 in.). Only the hollow artery
and the spiral artery pipes were thermal-vacuum tested. Because test problems for both pipes were
similar, only the problems associated with the testing of the spiral artery pipe are discussed.

TEST SETUP

To meet the four basic requirements in the 233 to 303 K temperature range, it was necessary to
utilize a vacuum-rated tilt table (Figure 3), a variable-control heat-removal device, and vacuum-rated
heaters.

The 1.32- by 1.32-m (52- by 52-in.) aluminum tilt table was elevated by an encased (sealed) slow-
synchronous-speed vacuum-rated motor (Figure 3, lower center) with a heater. The heater was ther-
mostatically controlled to keep the motor-at 293 K throughout the test. To determine the tilt position,
a vacuum-rated linear potentiometer was calibrated and used to monitor the table position through-
out the test. The overall table levelness was £0.079 cm (+0.031 in.) with a £0.041-cm (£0.016-in.)
positioning accuracy.

1040-C Heat Pipe. Goddard Specification OB-A-0086-C, Sept. 18, 1970.
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Figure 1—Heat pipe test setup. There are eight saddle supports; x indicates a
thermocouple location.
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Figure 2—Three types of heat pipes used on OAO C. The fluid used is ammonia.
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Figure 4—Heat pipe on tilt table.




The heat-removal system consisted of two auxiliary cooling units or condensers, the tubes of
which can be seen in Figures 3 and 4 near the C-clamps that bind the two condenser plates to the two
saddles. The cooling units were capable of temperature control between 208 and 323 K with an
accuracy of £2 K. This accuracy is essential because heat pipes function differently at different ther-
mal levels.

Four vacuum-rated heaters (capable of 100 W output each) were mounted on saddles on the
outer circumference of the pipe, equidistant from the gap in the pipe, and two flight heaters were
permanently mounted on the inner circumference, both on one side of the gap, as seen in Figures 1 !
and 4. Thermocouple locations are also shown in Figures 1 and 4. s

Because the heaters had a different absorptivity/emissivity (o/€) value than the aluminum tube,
they were first coated and bonded to the pipes with kapton tape and then wrapped with aluminum
foil tape. The kapton tape proved to be necessary in the first heat pipe test because the aluminum
tape showed signs of burning. The kapton tape was able to withstand the heater temperatures, and
prevented the aluminum foil tape from burning.

THERMAL DATA RETRIEVAL

After functionally achieving a workable test setup, it was essential to have a flexible data retrieval
system. Several methods were used during the heat pipe tests. The first method utilized an independ-
ent thermistor system with twisted shielded pairs of wires; but because of solenoid switching in the
test complex, the twisted pairs picked up noise spikes that falsely indicated changes of £3 to 5 K. The
second method used thermocouples and a programed time-sharing computer system. This method
successfully avoided the noise spikes, but increased the data retrieval time per channel from approx-
imately 20 to 90 s. However, pipe average temperatures and AT values were easily calculated with the
computer system, whereas the former system required hand calculations. In a later heat pipe test, the
computer system in conjunction with a recorder? was used very successfully. The computer was used
to calculate AT values and average pipe temperatures while the recorder monitored the thermal trends.
A slight modification of this system was used in a fourth test. This consisted of using a thermocouple
thermometer system,3 which retrieves data faster than the time-sharing computer system and can
average up to 36 data channels at the push of a button. The only drawback to this latter system was
the lack of a printout data system.

TEST RESULTS

The spiral artery pipe was tested three times. The first test indicated an excessive amount of I
noncondensable gas within the heat pipe, which prevented the pipe from functioning properly; the
gas blocked the condenser (heat removal) areas of the pipe. This caused the pipe to overheat;i.e.,
it exceeded its upper acceptance limit of 327 K. Test methods showed that the blockage was due to
noncondensable gas and not excess fluid. This was concluded because the blocked area could be dimin-
ished by increasing the internal vapor pressure and because blockage would recur after the pipe was

[L g

2A Brown recorder was used.
3A Doric thermocouple thermometer system was used,



tilted beyond its capillary pull limit (evaporator 3.81 cm (1% in.) higher than the condenser).* This
problem was resolved by opening the pipe, removing all the gas, and recharging the pipe. When the gas
was removed, hydrogen gas was discovered, which apparently was introduced when the pipe was orig-
inally charged and sealed. The charging procedure required the utmost care because the inclusion of any
water vapor could lead again to the generation of hydrogen gas.

After the pipe was recharged, a second test was conducted. This one was very successful. Data
were taken under the following three basic thermal conditions: (1) vacuum with chamber walls at
233 K and condensers at 218 K, (2) vacuum with chamber walls and condensers at 273 K, and
(3) vacuum with chamber walls and condensers at 293 K. In each test, data were recorded at five
different pipe tilt positions, with the condensers below the evaporators, at tilts of 0, 0.64, 1.27, 1.91,
and 2.54 cm (0, %, Y, %, and 1 in.). The test results showed that the pipe functioned very well in all
three thermal conditions;’ it functioned better at the 1.91-cm tilt position than in the level position
for 65 percent of the test cases.

Table 1—Test data for thermal condition 1 with Table 2—Test data for thermal condition 1 with

flight heaters. 4 saddle heaters.
[Chamber walls at 233 K, condenser at 218 K] [Chamber walls at 233 K, condenser at 218 K]
. . a Pipe Average Pipe . . Power per Pipe Average Pipe
Pll(aer:;ﬂt Pmr Temperature AT Pl? en'll;ﬂt Saddle Temperature AT
¢ ) ®) ¢ W) () X)
0 25 2312 04 0 50 256.2 45
50 236.2 1.0 70 261.7 45
75 241.2 1.0 80 269.2 4.0
0.64 25 2332 A 0.64 10 2335 7
50 237.7 1.0 30 246.4 38
75 243.7 1.0 50 256.8 4.0
1.27 25 2322 4 70 267.2 4.0
50 238.2 13 80 273.7 45
75 2442 1.0 1.27 10 233.2 23
191 25 231.7 1.0 30 2457 2.5
50 236.2 1.0 50 257.2 35
75 - ® 70 268.2 45
1.27¢ 50 248.7 1.2 80 270.2 7.0
1.91¢ 50 249.2 1.1 191 10 2332 1.5
75 255.2 1.6 30 2442 3.0
2.54¢ 25 245.7 5 50 259.2 4.0
50 249.7 3.0 70 270.2 2140
75 257.2 3.0 —

o - 3 AT was increasing rapidly when all power was turned off.
225 and 50 W indicate that 1 heater was on; 75 W indicates

that 2 heaters were on.

bBurnout. Pipe was allowed to reprime and burnout recurred
under the same test conditions. Burnout occurs when the fluid
is evaporated faster than the capillary structure can resupply it.

€Condenser at 233 K.

4J. P, Marshburn: “Results of Thermal-Vacuum Testing of the Grumman OAO-C Structural Heat Pipe.” Nasa Internal Memo
to R. MclIntosh, Nov. 10, 1971.

5J. P. Marshburn: “‘Test of the Redesigned Level-6 Spiral-Artery Heat Pipe Under Thermal Vacuum Conditions.” NASA Internal
Memo to R. McIntosh, Dec. 20, 1971.



Table 3—Test data for thermal condition 2 with
flight heaters.
[Chamber walls and condenser at 273 K]

Table 4—Test data for thermal condition 2 with
4 saddle heaters.
[Chamber walls and condenser at 273 K]

i Pipe

Pipe Tilt Power? ;?;}f;:::ﬁ: All;
(em) W X) X)
0 25 282.2 1.0
50 287.2 1.0

75 293.3 1.0

0.64 25 281.7 5
50 287.2 5

75 292.2 S

1.27 25 282.2 5
50 287.7 1.0

75 2934 9

191 25 283.2 1
50 288.0 6

75 294.2 1.2

2.54 25 282.8 4
50 288.2 1.2

75 294 .3 1.8 J

425 and 50 W indicate that 1 heater was on; 75 W indicates
that 2 heaters were on.

. R Power per Pipe Average Pipe
Pipe Tilt Saddle Temperature AT
(em) w) ® ®
0 10 280.7 2.0

30 290.7 2.0

50 299.7 3.0

70 3142 40

80 319.2 5.0

0.64 10 280.2 1.0
30 291.2 2.0

50 302.2 3.0

70 313.2 6.0

80 319.7 7.0

1.27 10 281.7 1.0
30 291.7 2.0

50 301.2 3.5

70 317.2 19.0

191 10 283.7 2.0

30 295.2 2.5

50 306.7 5.2

70 317.2 19.5

2.54 10 284.2 1.2

30 296.2 35

50 306.7 222.0

70 - ®)

Table 5—Test data for thermal condition 3 with
flight heaters.
[Chamber walls and condenser at 293 K]

8Possible burnout started before all power was turned off.
bBumout.
Table 6—Test data for thermal condition 3 with
4 saddle heaters.
[Chamber walls and condenser at 293 K]

325 and 50 W indicate that 1 heater was on; 75 W indicates
that 2 heaters were on.

6

. . a Pipe Average Pipe . . Power per Pipe Average Pipe
Pllgfngllt P(E‘V;E;r Temperature AT Pll():n;l;ﬂt Saddle Temperature AT
X) X) W) X) x
0 25 301.2 0.7 0 10 301.6 0.9
50 305.2 7 30 3122 1.8
75 310.3 9 50 323.6 3.2
0.64 25 300.4 S 0.64 10 301.7 1.2
50 304.8 9 30 3122 2.1
75 310.5 i 50 3247 3.7
1.27 25 301.2 6 1.27 10 301.7 14
50 305.6 .8 30 314.8 2.4
75 3103 9 50 - @)
191 25 301.2 4 1.91 10 301.8 2.1
50 305.9 1.0 30 3149 3.7
75 311.5 1.5 2.54 10 301.8 6.0
2.54 25 301.2 9 30 314.7 6.6
50 305.2 1.9
75 310.1 21 2Terminated power because the upper limit of 327 K was
- reached.




The first thermal test condition was the most extreme condition under which the pipe had to
function. Burnout occurred when both flight heaters were on (75 W total) and the pipe was tilted
1.91 cm (Table 1). Raising the condenser temperature to 233 K allowed the pipe to function without
burning out even at 2.54-cm tilt. This demonstrates the effect of the condenser on the pipe. Table 2
lists the test data for the four saddle heaters under this test condition. The 80 W/saddle case was
unattainable.

In the second test condition, the largest gradient recorded for the flight heaters occurred at a
2.54-cm tilt, and was recorded as 1.8 K (Table 3). The limit recorded by using the four saddle heaters
(based upon AT only) occurred with 70 W/saddle at a tilt of 1.27 cm. (See Table 4.)

In the third test condition, the highest flight heater AT 2.1 K (Table 5) was recorded at a 2.54-cm
tilt position. The largest gradient with the saddle heaters occurred for 200 W (50 W/saddle heater) at a
tilt of 1.27 cm. (See Table 6.)

Upon removing the pipe from the test chamber, it was noted that the bonding agent used to bond
the saddles to the pipe had crumbled in some areas. Therefore, mechanical clamps were manufactured
and the pipe was tested for a third time, with results similar to those of the second test.

In summary, the pipe has proven to be capable of handling high heat loads with small AT values, even
with tilts of 2.54 cm. It has also been shown that the test setup and equipment were adequate for
thermal-vacuum testing of these heat pipes.

Goddard Space Flight Center
National Aeronautics and Space Administration
Greenbelt, Maryland, January 21, 1972
831-41-25-02-51
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